To assess the contribution of the alternative pathway in complement activation and host defense and its possible role in the regulation of systemic energy balance in vivo, factor D-deficient mice were generated by gene targeting. The mutant mice have no apparent abnormality in development and their body weights are similar to those of factor D-sufficient littermates. Complement activation could not be initiated in the serum of deficient mice by the alternative pathway activators rabbit erythrocytes and zymosan. Surprisingly, injection of cobra venom factor (CVF) caused a profound and reproducible reduction in serum C3 levels, whereas, as expected, there was no C3 reduction in factor B-deficient mice treated similarly. Studies of C3 and factor B activation in vitro by CVF demonstrated that in factor D-deficient serum the ␣ chain of C3 was cleaved gradually over a period of 60 min without detectable cleavage of factor B. CVF-dependent C3 cleavage in the deficient serum required the presence of Mg 2؉ , whereas in normal mouse serum the presence of divalent cations was not required. These results suggest that in mouse proteolytic cleavage of factor B by factor D is not an absolute requirement for the zymogen to active enzyme conformational transition of CVF-bound factor B. Kinetics of opsonization of Streptococcus pneumoniae by C3 fragments was much slower in factor D-deficient serum, suggesting a significant contribution of the alternative pathway to antibacterial host defense early after infection. T he alternative pathway (AP) of complement activation is a self-amplifying mechanism important for pathogen recognition and elimination in the absence of specific antibodies. The AP also amplifies complement activation initiated by the other two pathways of complement activation, classical and lectin (1). The dual function (recognition and amplification) of the AP underlines its importance for host defense against pathogens. The proximal result of complement activation is the formation of convertases, enzymes that activate C3 and C5, generating biologically active protein fragments and complexes (1). In the AP, assembly of the C3͞C5 convertase requires the initial attachment of the C3b fragment of C3 to the surface of a pathogen and proceeds through the formation of a complex with factor B (C3bB) and the subsequent cleavage of factor B by factor D to form C3bBb, the C3͞C5 convertase of the AP.
T he alternative pathway (AP) of complement activation is a self-amplifying mechanism important for pathogen recognition and elimination in the absence of specific antibodies. The AP also amplifies complement activation initiated by the other two pathways of complement activation, classical and lectin (1) . The dual function (recognition and amplification) of the AP underlines its importance for host defense against pathogens. The proximal result of complement activation is the formation of convertases, enzymes that activate C3 and C5, generating biologically active protein fragments and complexes (1) . In the AP, assembly of the C3͞C5 convertase requires the initial attachment of the C3b fragment of C3 to the surface of a pathogen and proceeds through the formation of a complex with factor B (C3bB) and the subsequent cleavage of factor B by factor D to form C3bBb, the C3͞C5 convertase of the AP.
Mouse factor D was initially recognized as a serine protease encoded by a differentiation-specific message present mainly in adipocytes and cells of the nervous system (2) . Because its mRNA was significantly reduced in mouse and rat models of obesity, it was thought that the protein was involved in fat metabolism (3) . These observations led to naming the protein adipsin, which soon was identified with mouse factor D (4) . Subsequently it was demonstrated that adipocytes also synthesize and secrete C3 and factor B, leading to the formation of a C3 convertase in culture supernatants (5) . Other results indicated that C3a desArg , the inactivated form of the complement anaphylatoxin C3a could act on adipocytes to regulate fatty acid metabolism (6, 7) . Studies using C3-deficient mice failed to support a role of C3a desArg in lipid metabolism (8) , but the possibility that factor D has a direct effect on adipocytes, independent of AP activation has never been ruled out. To evaluate the contribution of the AP in complement activation and host defense and its possible role in the fat metabolism, we targeted the factor D gene (Df ) to generate factor D-deficient mice. The results indicate that factor D is indispensable for complement activation through the AP and that it plays a significant role in opsonization of bacteria by ''natural'' IgM antibody. It is also shown that factor D does not play a major role in fat metabolism. Interestingly, the data revealed a unique mode of factor B activation, which provides valuable insights into the mechanism of AP activation.
Materials and Methods
Generation of Factor D-Deficient Mice. A gene targeting vector, Adn͞TK, was constructed (9) on the backbone of pBluescript SK(ϩ) by inserting a 1.1-kb neomycin-resistance (neo r ) gene cassette into a 2.6-kb Df genomic DNA fragment at a unique SmaI site within exon 3 (Fig. 1A) . A 3.4-kb thymidine kinase (TK) gene fragment of herpes simplex virus 1 was included as a negative selection marker against random integration of the vector. Fifty micrograms of the linearized Adn͞TK construct was transfected into embryonic day E14.1 embryonic stem (ES) cells by electroporation as described (10) . Homologous recombinants were selected initially by culturing the transfected cells in complete medium containing 225 g͞ml G418. On day 5 of G418 selection, 2 M gancyclovir was added to the media and double drug-resistant clones were selected for an additional 5 days. DNA from double drug-resistant ES clones was analyzed by Southern blotting to identify homologous recombinants.
Northern and Western Blotting. Northern blotting was carried out by using total RNA extracted from several organs (11) and 32 P-labeled mouse factor D cDNA as probe. Factor D was detected on Western blots of mouse sera by biotinylated affinitypurified rabbit anti-mouse factor D followed by streptavidinhorseradish peroxidase conjugate (Southern Biotechnology Associates) and the ECL chemiluminescent detection system (Amersham Pharmacia). Rabbit anti-mouse factor D antibodies were raised by using recombinant profactor D as immunogen.
Functional Assays. AP hemolytic assay was performed in 96-well U-bottomed microtiter plates using rabbit erythrocytes as described (12) . Activation of the AP was also evaluated by measuring deposition of C3 on the surface of zymosan by using flow cytometry (13) . Zymosan A (Sigma) was suspended at 0.1 mg (1 ϫ 10 7 )͞ml in normal saline. One hundred microliters zymosan suspension was incubated with 10 l pooled mouse serum for 15 min at 37°C and then washed with ice-cold PBS, pH 7.2 containing 1% BSA, and 5 mM EDTA. Bound C3 was detected by using FITC-conjugated F(ab)Ј 2 fragments of goat anti-mouse C3 IgG (20 g͞ml; Cappel) and a FACScan flow cytometer (Becton Dickinson). In a reconstitution assay, purified human factor D (14) was added to the deficient serum at 0.1, 0.5, or 2.5
This paper was submitted directly (Track II) to the PNAS office.
Abbreviations: CVF, cobra venom factor; AP, alternative pathway; Df, factor D gene; ES, embryonic stem; VWFA, von Willebrand factor type A; TK, thymidine kinase.
g͞ml. A reaction mixture of factor D-sufficient serum containing 10 mM EDTA was used as a negative control.
Treatment of Mice with Cobra Venom Factor (CVF).
Factor Ddeficient mice of either sex, 9-26 weeks old, received i.p. 5, 10, 20, or 30 g CVF (Quidel, San Diego). Controls included factor D-sufficient and factor B-deficient (13) mice, kindly donated by Harvey Colten (Washington Univ., St. Louis). Blood samples were collected at different time points after administration of CVF, and serum concentration of C3 was determined by ELISA as described (15) .
CVF-Mediated C3 and Factor B Activation. Equal volumes of mouse serum, CVF (75 g͞ml), and Veronal-buffered saline, pH 7.3, containing 7.5 mM CaCl 2 and 5 mM MgCl 2 , or 15 mM MgCl 2 and 24 mM EGTA, or 30 mM EDTA were incubated at 37°C. Aliquots were removed at 5, 10, 20, 30, and 60 min, mixed with SDS͞PAGE buffer, and subjected to SDS͞PAGE in duplicate. C3 and its cleavage products were detected on Western blots by using goat anti-mouse C3 IgG (Cappel) and factor B and its cleavage products by using goat anti-human factor B IgG (Quidel), which also reacts with mouse factor B. Proteins were visualized by using rabbit anti-goat IgG F(ab)Ј 2 horseradish peroxidase conjugates (ICN) and the ECL chemiluminescent detection system. ) were incubated with 10% mouse serum at 37°C for various time intervals, and deposition of C3 fragments was detected as described above. Surface-bound IgM and IgG were detected by using FITC-conjugated affinitypurified goat anti-mouse IgM and IgG antibodies (10 g͞ml, Southern Biotechnology Associates), respectively. Fig. 1 A) . Two of 122 double-drug resistant ES clones were identified as homologous recombinants by the presence in Southern blots of a single 11-kb HindIII fragment as opposed to 10 kb of the wild-type allele. One of the two targeted ES clones was used for microinjection of C57BL͞6J blastocysts to generate ES chimeras. Germ-line transmission of the targeted allele was identified in F 1 offspring of four chimeric founder mice bred with C57BL͞6J breeding partners. Southern blot analysis (Fig. 1B ) of tail DNA isolated from offspring of F 1 heterozygous brother ϫ sister intercrosses yielded the expected frequency of genotype ϩ/ϩ͞ϩ/Ϫ͞Ϫ/Ϫ ϭ 41 (27.2%):68 (45.0%):42 (27.8%). Homozygous Df-targeted mice were maintained under pathogen-free conditions and showed no apparent abnormality in development. Northern blots of RNA isolated from fat, muscle, lung, and liver of deficient mice showed complete absence of factor D message, whereas abundant message was detected in all these tissues except for liver of sufficient littermates (data not shown). Factor D protein was not detectable by Western blotting in serum of deficient mice (Fig. 1C) . In contrast, in the serum of factor D-sufficient littermates the expected amount of factor D was present in the form of two major protein bands of apparent molecular masses of about 42 and 45 kDa. Similar dimorphism of mouse factor D was also observed previously and was attributed to differential glycosylation (4).
Results

Generation of
In mice, factor D was originally termed adipsin because of its abundant synthesis by adipocytes (2) . Based on early observations that in certain acquired and genetic rodent models of obesity its mRNA levels were reduced by 96-99% (3, 5), a possible role for factor D in fat metabolism and͞or systemic energy balance was proposed. To test this possibility, we monitored body mass and serum lipid profiles of factor D-deficient mice in comparison to their sufficient littermates. At 4, 8, and 26 weeks of age the body weight of factor D-deficient mice fed a normal diet was not different from that of factor D-sufficient littermates. Also, serum concentrations of triglycerides, cholesterol, and free fatty acids of the deficient mice were similar to those of control littermates (data not shown).
Activation of the AP by Rabbit Erythrocytes and Zymosan.
To confirm elimination of AP activity, pooled deficient serum was assayed for cytolytic activity against rabbit erythrocytes and for ability to support deposition of C3 fragments on zymosan particles. As expected from the absence of factor D protein, no hemolytic activity was detected in factor D-deficient serum. Reconstitution of the deficient serum with purified human factor D at a final concentration of 5 g͞ml restored hemolytic activity to a level even higher than that of factor D-sufficient littermates (Table 1 ). This result indicates that factor D is the only AP component missing from the deficient serum. The higher hemolytic activity of the reconstituted serum could perhaps be attributed to the higher concentration of C3 in factor D-deficient (928 g͞ml) than sufficient (569 g͞ml) pooled serum, which may have resulted from lack of C3 ''tick-over.'' We also examined activation of the AP by zymosan. Zymosan particles incubated with pooled normal serum in Mg 2ϩ ͞EGTA buffer showed very strong surface staining for C3, which was inhibited completely by 10 mM EDTA (Fig. 2) . In contrast, no detectable C3 was present on the surface of zymosan particles incubated with pooled factor D-deficient serum, but full reconstitution was achieved by adding purified human factor D. C3 deposition from reconstituted deficient serum was Mg 2ϩ -dependent (data not shown). The combined results indicate that targeting Df resulted in complete inhibition of in vitro complement activation by the wellcharacterized AP activators, rabbit erythrocytes, and zymosan.
In Vivo Activation of the AP by CVF. To confirm the elimination of AP activity in vivo, factor D-deficient mice were given a single i.p. injection of 30 g CVF. Surprisingly, this treatment caused a profound and reproducible reduction of serum C3. As shown in Fig. 3 , C3 concentration decreased slowly during the first 4 h and reached a nadir of about 10% of preinjection levels 24 h after injection. Levels of C3 started rising by day 2 and reached normal values by day 3. As expected, in control factor D-sufficient littermates, C3 levels declined much faster reaching the lowest point 4 h after CVF administration (Fig. 3) . During the next 5 days, C3 remained at less than 5% of normal and preinjection levels were not recovered until day 8 or 9. Similar C3 consumption was also observed when lower doses (5, 10, and 20 g) of CVF were used. In contrast to factor D-deficient mice, even the high dose of CVF (30 g) failed to cause C3 consumption in factor B-deficient mice. Therefore, CVF-induced C3 consumption in factor D-deficient mice could not be attributed to nonspecific proteolysis of C3 by a contaminating protease. However, the possibility that a factor D-like activity, e.g., cobra factor D, was contaminating the preparation of CVF could not be ruled out.
Kinetic Analysis of CVF-Mediated Cleavage of C3 and Factor B. To elucidate the mechanism of CVF-induced activation of C3 in factor D-deficient serum, we investigated the kinetics of C3 and factor B cleavage in vitro in the presence or absence of divalent cations. Pooled mouse sera were incubated with CVF at 37°C in the presence of Ca 2ϩ and Mg 2ϩ , and aliquots were withdrawn at the indicated time intervals and analyzed for C3 and factor B cleavage by Western blotting (Fig. 4) . In normal serum, the ␣ chain of C3 was cleaved completely in less than 5 min, detected as about 40-kDa fragments. In contrast, in the factor D-deficient serum the ␣ chain of C3 was cleaved gradually over the 60-min incubation (Fig. 4A) . The much slower kinetics of C3 cleavage in the deficient serum is consistent with the slower rate of depletion and faster rate of recovery of serum C3 levels we observed in the deficient mice after CVF injection. In vitro C3 cleavage was also examined in Mg 2ϩ ͞EGTA-or EDTAcontaining buffers. As expected, chelating Ca 2ϩ only did not affect CVF-mediated cleavage of C3 in either sufficient or deficient serum. Interestingly, chelating all divalent cations with EDTA did not inhibit cleavage of C3 in sufficient serum, whereas in the deficient serum significant, although not complete inhibition was observed (Fig. 4A) . The data suggest differential requirement of Mg 2ϩ for expression of C3 convertase activity in the presence or absence of factor D. Because CVF-induced C3 activation requires the participation of factor B as demonstrated by the in vivo study (Fig. 3) , we examined whether or not factor The microassay of complement activity was carried out by incubation of 75 l of pooled mouse serum dilutions with 25 l rabbit erythrocytes (7.5 ϫ 10 6 ) for 1 h at 39°C. Heat-inactivated serum was used as control. Percent lysis was measured in an ELISA reader at 405 nm and hemolytic activity was calculated in units͞ml. Fig. 2 . Flow cytometric analysis of C3 deposition on zymosan. Zymosan particles (1 ϫ 10 6 ) were incubated with 10% wild-type (black) or factor D-deficient (gray) serum in Mg 2ϩ -EGTA or EDTA buffer. C3 deposition was allowed to occur at 37°C for 15 min and detected by FITC-conjugated F(ab)Ј 2 fragments of goat anti-mouse C3 IgG. In the reconstitution assay, purified human factor D was supplemented at 0.5 g͞ml of deficient serum. , the majority of factor B was cleaved after 5 min and slow further cleavage was observed over the next 55 min. This result is consistent with initial rapid formation of stable CVFBb convertase and subsequent slow formation of unstable C3bBb convertase. On the Western blots, a trace amount of factor B and C3 cleavage was detected in control normal serum in the absence of CVF, which perhaps is caused by C3 tick-over, in the absence of an activator. Such low-level activation of the AP was not observed in factor D deficient serum (Fig. 4) , indicating a requirement for factor D for the formation of the ''initiation'' C3 convertase (C3H 2 OBb) of the AP.
Antibody-Induced C3 Opsonization. We next evaluated the contribution of the AP in opsonization of bacteria with C3 fragments in sera of nonimmunized mice. Unencapsulated S. pneumoniae, type II, was incubated with naive mouse serum at 37°C for 15 min, and bound antibody and deposited C3 fragments were analyzed by flow cytometry. Equivalent amounts of IgM antibody bound to bacteria incubated with factor D-sufficient or -deficient serum (Fig. 5A) , whereas no IgG was detected on the bacterial surface (not shown). In contrast to the about equal amounts of bound IgM, the amount of C3 deposited on bacteria incubated with the deficient serum was about 2 logs less than that on bacteria incubated with sufficient serum. Furthermore, no C3 deposition was observed on bacteria incubated with sufficient serum containing Mg 2ϩ ͞EGTA(data not shown), indicating a requirement for Ca 2ϩ and therefore, initiation of complement activation through the classical pathway. Kinetic comparison of C3 fragment deposition on the bacteria indicated opsonization by sufficient pooled serum occurred quickly with the majority of C3 fragments deposited within the first 5 min and maximum levels reached by 15 min (Fig. 5B) . In contrast, C3 opsonization of bacteria by factor D-deficient serum proceeded slowly with a latent period of more than 15 min. By 30 min the amount of C3 deposited on bacteria incubated with deficient serum was equivalent to that on bacteria incubated with normal serum for 5 min. Thus, classical pathway activation is necessary for IgM-mediated C3 opsonization of bacteria, but the kinetics of C3 fragments deposition depends critically on amplification by the AP.
Discussion
The present studies confirm that factor D is indispensable for the formation of the intrinsic alternative pathway initiation and amplification C3 convertases. The results also indicate that factor D-deficient serum supports the formation of a CVFdependent C3 convertase containing intact factor B. Thus, factor B upon binding to CVF can undergo the zymogen to active protease conformational transition without the need for its cleavage by factor D. In addition, our data demonstrate that the efficiency of opsonization of S. pneumoniae by C3 fragments, a process initiated by means of activation of the classical pathway by IgM antibodies, depends on an intact alternative pathway amplification loop.
In normal serum formation of the AP C3 convertase is initiated by the Mg2 ϩ -dependent binding of factor B to C3b (reviewed in ref. 18 ). Factor B comprises three distinct globular regions (19) consisting of a cluster of three complement control protein modules, a von Willebrand factor type A (VWFA) module, and a serine protease domain. Many types of experiments have indicated that initial binding to C3b is mediated by two binding sites, one contributed by the three complement control protein modules and the other by the VWFA module of factor B (20) (21) (22) (23) . The assembly of the C3 convertase is concluded by the factor D-catalyzed cleavage of factor B into Ba, which consists of the three complement control protein modules and is released in the fluid phase, and Bb, which remains bound to C3b through the VWFA module binding site. It is generally accepted that cleavage by factor D is the key step in the formation of the convertase as it leads to conformational changes in both the C3b-binding site of the VWFA module and the active center of the serine protease domain of factor B. The former change is indicated by an increase in binding avidity for C3b and sequestration of the Mg 2ϩ and the latter by expression of C3-cleaving activity. The necessity for structural rearrangement of the active center of factor B is indicated by the zymogen-like conformation of its oxyanion hole, which precludes expression of proteolytic activity (24) .
The present data indicate that when CVF substitutes for C3b, the factor D-catalyzed cleavage of mouse factor B is not necessary for the conformational change of the serine protease domain. Instead, the findings of CVF-dependent C3 consumption in Df Ϫ/Ϫ mice (Fig. 3) and of cleavage of the ␣-chain of C3 in factor D-deficient serum without cleavage of factor B (Fig. 4) indicate that the structural rearrangement of the active center is induced by the binding of intact factor B to CVF. CVF is a functional analog of C3b and has been shown to form a C3 convertase by a similar process except that the binding site on the VWFA module of factor B has greater avidity for CVF than C3b. In normal serum, the increased avidity results in a C3-convertase (CVFBb) much more stable than the C3bBb one (25) . As indicated by the kinetics of C3 consumption in vivo and of C3 cleavage in vitro (Figs. 3 and 4) , the CVFB convertase formed in the absence of factor D is unstable or its catalytic efficiency is lower than that of the CVFBb convertase. It is also relevant that formation of C3 convertase in the deficient serum requires the presence of Mg 2ϩ , whereas in the sufficient serum the CVFBb convertase is formed even in the presence of EDTA (Fig. 4) . This latter result is consistent with a previous report indicating activation of the alternative complement pathway by CVF in EDTA-treated mouse and rat sera (26) .
In addition to VWF, factor B, and its classical pathway homolog C2, VWFA modules are found in a large variety of other proteins, including integrin ␣ subunits, and some matrix proteins (27) . High-resolution crystal structures have been reported for VWFA modules from several proteins. They are all very similar to each other, but probably more relevant to factor B is the structure of the VWFA module of the ␣ chain of complement receptor type 3 (CR3) or ␣M (CD11b), which has Mg 2ϩ -dependent binding affinity for a C3 fragment, iC3b. The structure of the ␣M VWFA module has been solved from two different crystal forms and conforms to the typical ''Rossmann'' or ␣͞␤ open sheet fold (28, 29) . The Mg 2ϩ binding site of ␣M is located at the top of the ␤-sheet on the surface of the module. Residues whose side chains coordinate the Mg ion are completely conserved in all cation-binding VWFA integrin modules. They have been termed the MIDAS (metal ion-dependent adhesion site) motif and reside in three surface loops (28, 29) . It has been shown that the two crystal forms, termed closed and open, correspond to low and high affinity states for ligand binding, respectively (29) (30) (31) . The affinity for ligand is regulated by conformational changes involving cation coordination and a significant downward movement of the C-terminal ␣ helix, which propagates the signal to the opposite face of the module (29) (30) (31) .
The VWFA module of factor B has a MIDAS-like motif and mutational studies have indicated that similarly to integrins ligand binding is through the surface loops surrounding the metal ion (22) . It seems reasonable to suggest that affinity regulation of the C3-binding site of the VWFA module of factor B involves similar structural rearrangements as those documented for integrins. The present data indicate that upregulation of the affinity of the factor B binding site for CVF is mediated by two events, Mg 2ϩ binding and factor D-catalyzed cleavage. The effects of these two events apparently are additive and independent of each other, as indicated by the formation of a CVFB(Mg 2ϩ ) convertase in the absence of factor D and a CVFBb one in the absence of Mg 2ϩ . In both cases affinity maturation, albeit short-lived, is associated with expression of protease activity, indicating a structural rearrangement of the active center of the serine protease domain. We have proposed (18) that the latter is induced by the downward shift of the C-terminal ␣ helix of the VWFA module, which is linked to the N terminus of the serine protease domain. The present data indicate that the key signal for this structural rearrangement is provided by the binding of the VWFA module to C3b. This interpretation is consistent with a previous report (32) demonstrating the expression of C3 convertase activity by a complex of C3b, C3 nephritic factor, and intact factor B. C3 nephritic factor is an autoantibody that binds to and stabilizes the C3bB complex. Thus again, stable binding of factor B to C3b is sufficient for expression of proteolytic activity.
C3b generated by activation of any pathway can activate the AP amplification loop, provided it is attached to an appropriate cell or protein surface. The present studies demonstrate that although classical pathway complement activation is necessary for IgM-initiated C3 opsonization of S. pneumoniae, the kinetics of C3 deposition depends critically on amplification by the alternative pathway (Fig. 5) . Because the mice were maintained under pathogen-free conditions and had not been immunized, bound IgM probably represents ''natural'' antibody. This interpretation is supported by the absence of IgG deposition on the S. pneumoniae. Natural antibodies are spontaneously occurring immunoglobulins in naïve animals and in normal individuals in the absence of apparent antigen simulation (33, 34) . The bulk of natural antibodies belongs to IgM isotype, exhibits polyreactivity with a variety of self or foreign antigens (35) , and is considered to be part of the innate immune system (36) (37) (38) . Complement, another component of innate immunity, has a special relationship with natural antibodies depending on them for recognition of important pathogens and in turn providing signals for clonal selection and expansion of CD5 ϩ B1 cells that produce them (39) . It has been shown that antiphosphocholine natural antibodies are protective against i.v. infection of mice with S. pneumoniae (40) . Here we present evidence that activation of the alternative pathway exerts a great impact on the kinetics of deposition of C3 opsonins on the phosphocholine-rich surface of the bacteria, which probably promotes their uptake by phagocytes and amplifies natural resistance to S. pneumoniae. Our findings are consistent with a recent report of pneumococcal sepsis and meningitis in a factor D-deficient neonate (41) . Factor D deficiency has also been reported in adult patients (42, 43) . In the most recent case (43), a factor D-deficient individual had a severe Neisseria meningitidis infection and his serum showed a very low capacity in opsonization of Escherichia coli and N. meningitidis for phagocytosis by normal granulocytes. Taken together with these clinical observations, our results suggest a significant contribution of the alternative pathway amplification loop to natural antibody-dependent antibacterial host defense, which is important early after infection before induced antibodies reach effective levels in blood.
In conclusion, the present studies demonstrate that affinity up-regulation of the C3b-binding site on the VWFA module of factor B provides the signal for the conformational transition of the serine protease domain from zymogen to active protease. In addition, a critical role of the alternative pathway amplification loop in natural antibody-mediated opsonization of S. pneumoniae is strongly indicated by our results.
